ABSTRACT
MATERIAL AND METHODS

Patients
This study was performed on 44 (23M, 21F) CAPD patients (four exchanges of 2 L dialysate / day containing varying glucose concentrations to obtain adequate ultrafiltration) at least 6 months under dialysis, aged 38-65 years, 26 (13M,13F) HD patients at least 6 months under dialysis, aged 35-68 years and 29 (15M, 14F) healthy control subjects, aged 35-64 years. HD session duration was approximately four hours and it was applied three times a week using unfractionated heparin for anticoagulation. Exclusion criteria for the study included malignant disease, chronic liver disease, infectious disease, chronic respiratory insufficiency, rheumatoid arthritis, pregnancy, alcohol and smoking habit. All patients maintained the usual dialysis diet. Control subjects were on a free mediterranean diet. All anthropometric measurements were made with participants wearing light clothing and no shoes. Body mass index (BMI) was measured in all participants. The study protocol was approved by the Ethics Committee of Meram Medical School, University of Selcuk, Konya, Turkey. All patients were informed of the details of the study and the written consent of each patient was received.
Laboratory investigations
Blood samples were taken immediately before the first dialysis session of the week. Venous blood samples were obtained in the morning after a 12 h fasting. Serum samples were obtained after centrifugation (4000 rpm for 10 min at 4 oC) and samples were stored frozen at -80 oC until ADMA, arginine, homocysteine analysis. Serum lipids and CRP levels were measured immediately.
Measurements of ADMA and Arginine
Measurement of ADMA was accomplished by high performance liquid chromatography (HPLC), using the method described by Chen and associates (14) . Serum levels of ADMA and arginine were measured by HPLC (HP Agilent 1100; Agilent Technologies, Palo Alto, CA, USA) with fluorescence detection. The areas of the peaks detected by the fluorescent detector (excitation, 338 nm; emission, 425 nm) were used for quantification. The serum ADMA and arginine values were expressed as micromol per liter (µmol / L).
Homocysteine measurements
Serum homocysteine concentrations were measured us-
INTRODUCTION
Patients with chronic kidney disease (CKD) have increased risk of cardiovascular diseases. Cardiovascular events are the major causes of mortality and morbidity in patients with advanced renal failure causing more than 40% to 50% of the mortalities in these patients (1) . Cardiovascular mortality is 10 to 30 fold higher in end-stage renal disease (ESRD) patients than general population (2) . The number of patients requiring renal replacement therapy (RRT) due to ESRD is increasing worldwide. It has been reported that both CKD and inflammation give rise to the endothelial dysfunction through increased levels of asymmetric dimethylarginine (ADMA), an endogenous nitric oxide (NO) synthase inhibitor (3) (4) (5) (6) .
NO, synthesised from L-arginine by a family of NO synthases, is involved in many functions including regulation of vascular tone, neurotransmission, and host defence (7) . ADMA has been reported to be a novel marker for the progression of CKD with ADMA accumulation triggering peritubular capillary loss that contributes to tubulointerstitial ischemia and fibrosis (8) . In addition, ADMA is strongly associated with carotid artery intima media thickness (9) .
Homocysteine is derived from the metabolic conversion of the essential amino acid methionine. Homocysteine is believed to cause atherogenesis and thrombogenesis via endothelial damage, vascular smooth muscle proliferation and coagulation abnormalities (10, 11) . The prevalence of hyperhomocysteinemia is 85% to 100%, when ESRD is developed (12) . C reactive proteine (CRP) is considered as the best characterized inflammation biomarker, solidly associated with adverse cardiovascular outcome in the general population. Current data suggest that the addition of lipid screening to CRP can im¬prove detection of absolute coronary risk (13) .
Treatment strategies like continuous ambulatory peritoneal dialysis (CAPD) and hemodialysis (HD) have different effects on different parameters. In previous studies, conflicting findings have been reported about the effect of HD and CAPD on oxidant and antioxidant systems. In this study, we have investigated ADMA, arginine, homocysteine and CRP levels in HD and CAPD patients, compared to control subjects. We grouped the patients according to the treatment and aimed to determine the effect of dialysis treatment.
ing the Chromsystems (Munich, Germany) reagent kit for HPLC technique with fluorescence-detector. The serum homocysteine values were expressed as micromol per liter (µmol / L).
Measurements of other analyses
Serum total cholesterol, triglycerides, high density lipoprotein cholesterol (HDL-cholesterol) and CRP were measured by commercially available kits based on routine methods on the Synchron LX System (Beckman Coulter, Fullerton CA). Low density lipoprotein cholesterol (LDL-cholesterol) was calculated using the formula by Friedewald et al (15) .
Statistical analyses
All data are expressed as mean ± standart deviations (SD). Statistical analyses were done using SPSS v. 16 .0 (SPSS Inc., IL, USA). The normality of the variables was evaluated using the one-sample Kolmogorov-Smirnov test. The normal distribution of variables (serum lipids and BMI) were examined with one-way ANOVA; tukey test. To compare the ratio of categorical variables, we used the chi-squared test. Pearson's correlation coefficient was used to evaluate the associations between variables. Differences were considered significant at a probability level of p<0.05.
RESULTS
Clinical characteristics and biochemical parameters of the subjects are presented in Table 1 . As seen from the table, serum triglycerides, total-cholesterol, LDLcholesterol levels were found to be significantly higher in CAPD and HD patients compared to control subjects (p<0.001). There were no significant differences between the groups in terms of BMI.
The serum levels of ADMA, arginine, arginine/ADMA ratio, homocysteine and CRP of the groups are presented in Table 2 . As seen from the Table 2 , serum ADMA, CRP and homocysteine levels were significantly higher in HD and CAPD patients compared to controls (p<0.001). There were no significant differences between serum ADMA, CRP and homocysteine levels of the HD and CAPD groups (p: 0.287, p: 0.587, p: 0.835 respectively). Arginine levels and arginine/ADMA ratio of the HD and CAPD patients were significantly lower compared to controls (p<0.001, p<0.001 respectively). There were no significant differences between serum arginine levels and arginine/ADMA ratio of the HD and CAPD groups (p: 0.924, p: 0.711 respectively).
Correlation analyses are presented in Table 3 . ADMA levels were positively correlated with triglyceride (r:0.315), total-cholesterol (r:0.332) and homocysteine (r:0.335). Arginine levels were negatively correlated with total-cholesterol (r:-0.244) and homocysteine (r:-0.260).
DISCUSSION
We demonstrated that ADMA, homocysteine and CRP levels were increased in HD and CAPD patients compared to the control subjects. In our study, there were no significant difference in ADMA, homocysteine and CRP levels between HD and CAPD patients. Plasma homocysteine is an important risk factor of atherosclerosis in patients on dialysis. Several studies have reported prevalent severe hyperhomocysteinemia in patients on hemodialysis (16, 17) . Higher homocysteine levels in our study group were in accord with previous studies. There were no significant differences between our CAPD and HD groups for homocysteine levels. Previous clinical data indicate that hyperhomocysteinemia is associated with an increased left ventricular mass and increased incidence of heart failure (18) . It has been reported that possible causes of high serum homocysteine levels in chronic renal failure may include reduced renal clearance, impaired degradation by the kidney and deficiency of, or abnormally high requirement for folic acid and vitamin B12 (19) .
In previous studies, conflicting findings have been reported about the effect of CAPD and HD on ADMA levels (20) (21) (22) (23) (23) reported that ADMA concentrations were higher in patients undergoing HD than those having CAPD. Iyidogan et al. reported that ADMA concentrations of HD and CAPD groups were higher than those of controls and HD group had significantly higher levels of ADMA than those of CAPD group. Kielstein et al. reported that ADMA concentrations in HD group were higher than those in control and CAPD groups whereas ADMA levels in CAPD patients were similar to those of control subjects. Zoccali et al. (24) reported that nontraditional risk factors were far more prevalent in ESRD patients than in the general population and ADMA might play a greater role in cardiovascular risk in CAPD than in HD patients.
In our study ADMA concentrations were significantly higher in HD and CAPD patients compared to the control subjects. In our study, there were no significant differences in ADMA levels between HD and CAPD patients.
In our study, we have found that plasma arginine concentrations were significantly lower in both dialysis groups. Our arginine results were in accord with OnerIyidogan et al. (21) . It has been demonstrated that CKD patients lose L-arginine during dialysis (25) . Iyidogan et al. reported that the decline in plasma arginine levels might result from the dialysis-mediated losses of this amino acid (21) . Arginine loss might be involved in the mechanism of endothelial damage seen after a longterm dialysis treatment (21) .
CRP is a general marker for inflammation and infection.
It has been reported that a level above 2.4 mg/L has been associated with a doubled risk of a coronary event compared to levels below 1 mg/L (26) . Elevated CRP levels correlate with an increased relative risk of mortality in HD patients. Chronic inflammatory conditions, such as rheumatoid arthritis and HD for end-stage renal failure, those are characterized by persistently elevated CRP concentrations in some individuals, are associated with premature cardiovascular disease (26) .
Current data suggest that the addition of lipid screening to CRP can improve detection of absolute coronary risk (13) . Risk estimates using CRP in combination with lipid screening have been reported to be superior to assesments that evaluate just CRP, homocysteine or lipoprotein a (13) . Our study demonstrated that CRP levels were increased in HD and CAPD patients compared to the control subjects.
It has been reported that patients on CAPD are exposed to a high glucose intake and its possible metabolic side effects, such as obesity, hyperglycemia-diabetes or hyperlipidemia. Patients on HD are exposed to significant hemodynamic stresses (27) . In our study, cardiovascular risk factors such as ADMA, CRP and homocysteine levels were higher and modality of dialysis did not affect to cardiovascular risk factors. Locatelli et al. compared the risk of developing de novo cardiovascular disease (CVD) in HD and CAPD patients who showed no signs of CVD at the time they began RRT and, after adjusting for age, gender and stratifying by diabetic status, found no statistical difference between the two modalities (27) .
In summary, our results suggest that serum ADMA, CRP and homocysteine levels of the CAPD and HD patients were significantly higher than those of the control subjects. There were no significant differences between serum ADMA and homocysteine levels of the CAPD and HD groups. Serum ADMA levels in dialysis patients are potentially affected by other factors besides the modality of dialysis treatment. We conclude that endothelial dysfunction, and increased inflammation and oxidative stress are seen in dialysis patients, serum ADMA and homocysteine concentrations are not affected by the modality of dialysis treatment. Further randomized controlled trials to determine the clinical significance of this result are needed.
